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I.  Introduction 


The  funding  on  this  contract  was  initiated  February  1,  1972.  A 
post-doctoral  research  associate  position  established  under  this 
contract  was  filled  beginning  July  1,  by  Dr.  E.  Shipsey  formerly  of 
Sandia  Corporation  Laboratories,  Albuquerque,  New  Mexico.  During 
the  period  February  1,  1972  to  July  1,  1972,  the  research  program  was 
carried  on  by  graduate  students  and  by  the  principal  investigator. 

II.  Atom-Atom  Scattering 

The  package  program  for  the  computation  of  matrix  elements  over 
nuclear  motion  operators  acting  on  approximate  eigenfunction  of  the 
fixed  nuclei  hamiltonian  has  been  developed  and  refined.  This  program 
is  now  being  supplied  to  competent  investigators.  In  particular. 

Dr.  T.  H.  Green  of  Sandia  Laboratories  is  investigating  the  application 
of  this  package  program  to  the  computation  of  the  coupling  matrix 
elements  for  HeH4-  and  arrangements  have  been  made  with  Dr.  Ron  Olson 
and  Dr.  F.  T.  Smith  of  Stanford  Research  Institute  to  work  together  on 
the  computation  of  transition  matrix  elements  for  the  scattering  of  He-' 
by  He.  A  primary  focus  of  attention  during  this  period  has  been  the 
evaluation  of  the  matrix  elements  involving  the  partial  derivative  with 
respect  to  intemuclear  separation,  (\|r^  |  d/dR  |  \[fj)  . 

The  are  the  set  of  molecular  eigenfunctions 

He\  “  Vk 

where  Ke  is  the  fixed  nuclei  electronic  hamiltonian. 
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We  represent  \|r^  as 

*k  -  E  Ct  (R)  <ti  (2) 

We  have  evaluated  three  different  methods  for  the  computation  of  these 
matrix  elements. 


I  a/dR  I  tj  -  (*  |  2  (C!  (R)  *  +  c  (R)  ®!)> 

n  m  n  ,  l  11  i 


(3) 


The  prime  on  and  indicates  differentiation  with  respect  to  R. 

K  1  S/dR  1  *»>  *  (En  '  V"1  <*»  ♦->  *  OS  E-'e  )  <+"  '  +m> 


(tn  I  a/aR|  i|rm)  =  (1/2R)  (En_Em)  (<t’n  I  r  •  r  I  <t>m> 

£  -RE* 

+  t*<V  VI'1  K  1  T  1  *„>  +  R(E  -e”)  <*„  I  *„> 
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The  results  will  be  given  in  detail  in  the  Fh.D.  dissertation  of  Larry 
L.  Lenamon  which  will  be  issued  as  an  ONR  Technical  Report  on  approxi¬ 
mately  October  1st.  In  summary  it  can  be  stated  that  for  very  accurate 
wavefunctions  and  in  regions  where  degeneracies  and  crossings  are  not 
involved,  eq.  4  is  the  most  accurate  result.  Upon  other  circumstances 
numerical  differentiation,  eq.  3,  must  be  resorted  to.  The  Sidis^  method 
eq.  5,  does  not  appear  to  be  of  particular  value. 

Considerable  effort  has  been  involved  in  efforts  to  obtain  the 
derivative  of  the  coefficients  in  an  accurate  and  precise  way. 


III.  Elastic  Scattering  of  Fast  Electrons  by 

We  have  computed  the  differential  elastic  scattering  cross-section 
for  fast  electrons  from  in  the  Bom  approximation.  There  have  been  no 

p 

previous  direct  computations  of  this  scattering  cross-section.  Liu 
(private  communication)  has  computed  the  elastic  cross-sections  by  a 
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differencing  procedure  from  total  inelastic  scattering  cross-sections. 

An  interesting  situation  whereby  theory  caused  reexamination  of 

experiment  has  occurred  here.  Professor  Russell  A.  Bonham  of  Indiana 

University,  very  recently  experimentally  evaluated  the  elastic  scattering 

cross-sections  for  to  a  very  high  accuracy.  In  a  preliminary 
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communication  to  the  principal  investigator,  Professor  Bonham  observed 
that  his  results  did  not  agree  well  with  our  computed  results.  This 
disagreement  caused  a  reexamination  of  the  experimental  data  which  lead 
to  a  correction  in  the  experimental  normalization  procedure  and  subsequent 
excellent  agreement  between  theory  and  experiment. 

IV.  Photon  Processes 

The  study  of  interaction  of  photons  with  molecules  alluded  to  in 
the  proposal  submitted  in  November  has  been  continued  and  extended.  A 
paper  has  been  submitted  to  Physical  Review  containing  full  details  of 
elaborate  studies  on  the  interaction  of  photons  with  hydrogen .molecules . 
The  subjects  of  this  paper  include  the  Rayleigh  and  Raman  cross-sections 
as  a  function  of  frequency  of  the  dynamic  polarizability  as  a  function  of 
frequency  and  the  straggling  and  stopping  power  cross  sections  (  a  pre¬ 
print  of  this  paper  is  attached).  This  work  has  demonstrated  the  validity 

4 

of  the  technique  proposed  by  Dalgamo  and  Epstein  for  constructing  sets 
of  functions  which  yield  a  numerically  complete  resolvent  operator  in  the 
dipole  domain.  This  work  has  been  extended  to  the  helium  molecule  where 
an  accurate  value  of  the  transition  moment  for  the  transition  from  the 
to  the  states  are  of  considerable  interest. 

g  u 

V.  Papers  to  be  Published 

Preprints  of  the  following  papers  are  enclosed: 
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5.1  (with  A.  Lewis  Ford  and  B.  Ulrich)  "The  Translational  Absorption 
of  HeH"  (to  appear  in  the  J.  Chem.  Fhys.,  Oct.  1,  1972). 

5.2  (with  A.  Lewis  Ford)  "Direct  Resolvent  Operator  Computations  on 
the  Hydrogen  Molecule  Dynamic  Polarizability,  Rayleigh  and  Raman 
Scattering"  (to  appear  in  Fhys.  Rev.). 

The  following  manuscripts  are  in  preparation  and  will  be  submitted  to 

the  journals: 

5.3  (with  A.  Lewis  Ford  and  E.  M.  Greenawalt)  "Adiabatic  Corrections  to 
the  Potential  Energy  Curves  for  the  Hydrogen  Molecule"  (to  be 
submitted  to  the  J.  Chem.  Fhys.). 

5.4  (with  A.  Lewis  Ford)  "The  Elastic  Scattering  of  Fast  Electrons  by 
the  Hydrogen  Molecule"  (to  be  submitted  to  Chem.  Fhys.  Letters). 

5.5  "A  Survey  of  Atomic  and  Molecular  Processes"  (to  appear  in  the 
Proceedings  of  the  Summer  Research  Conference  on  Theoretical 
Chemistry) . 
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